This study investigates the thermal behavior of Polyolefin containing Paraffin and Nano Hydrated aluminum silicate Al 2 Si 2 O 5 (OH) 4 (Kaolin) particles to enhance store energy at ambient temperature. The hybrid Nano composite is based on polyolefin PE as a matrix, whereby paraffin wax and Kaolin were hot blended at varying concentrations. In addition Carbon Nanotube (CNTs) was added in different relative low concentrations to improve the thermal transition among the polymer matrix, since polymer domains are considered as isolator. The composite was prepared by melt mixing using a Brabender Plasrograph and a Two Role Mill. Thermal properties of the composite were determined using DSC and Melt flow Index. Because TES materials are subjected to melting and freezing during life time, multiple extrusion tests to simulate the degradation process of the composite were carried out. FTIR was applied to determine the degradation effect and investigate microstructure changes of the composite. The results obtained demonstrate that the blend shows a tendency to be thermally active at low temperatures. DSC tests evidenced a decrease in melt temperature as a result of increasing Kaolin content and some changes in the latent heat of the compound.
Introduction
Thermal energy storage (TES) by solar power has become a popular research topic in recent years. Phase Change Materials (PCMs) typically used in thermal applications is usually grouped by their chemical makeup ("organic" or "inorganic"), with the most common being organic [1] [2] [3] [4] [5] .
The continuous and increasing efforts to utilize alternative and sun energies to reduce and replace hydrocarbon fuel utilization, especially after the climb in fuel prices are the main driving forces behind efforts into more effectively utilize various sources of renewable energy. In many parts of the world, direct solar radiation is considered to be one of the most prospective sources of energy.
However, the large-scale utilization of this form of energy is possible only if new materials with large capacity of heat of fusion is achieved and the effective technology for its storage can be developed with acceptable capital and running costs [1] . One of prospective techniques of storing solar energy is the application of phase change materials (PCMs). This paper looks at the current state of research in this particular field, with the main focus being to develop composite with increased storage capacities.
The utilization of latent heat storage capability of phase change materials is one of the keys to an efficient way to store thermal energy. There are large numbers of PCMs that melt and solidify at a wide range of temperatures, making them attractive to a number of applications. PCMs typically used in thermal applications are usually grouped by their chemical makeup ("organic" or "inorganic"), with the most common being organic [6] - [12] .
Phase change material was broadly investigated to develop efficient materials for energy storage by many authors. Polymers and other organic compound and salt minerals etc… were investigated and reported in scientific Journals [4] - [10] . Phase change material based on salt hydrate for commercial application for building and other sectors for energy saving are commercialized [13] [14] [15] .
Some Polymer phase change materials are currently used for encapsulating of PCM; whereby a combination of Polyethylene's and paraffin is still under investigation. Different organic PCMs are available in broad range of Temperature; depend on type of application. Different thermoplastics and rubber composites containing Nano carbon tube as well as special additives to improve efficient use of PCMs will result in changing its storage behavior [12] - [19] .
Latent heat TES systems have recently attracted many researchers, while these systems are considered to have a high energy storage density at constant temperature corresponding to the transition temperature of the phase change material (PCM) [19] - [23] .
Researchers have to alter PCM properties in the desired way to increase its ability to store latent heat. The gain can be used to develop new system for all kind of applications. As long as the PCM phase change temperature is within the desired product temperature range [9] [10] [11] . In this paper an attempt was undertaken to add Kaolin; Carbon Nano Tube (CNT) nanoparticles; to a relatively low molecular weight Polyethylene containing vinyl acetate with a melting temperature around 75˚C. Because of the impact on day and night on solar thermal energy storage, thus, the development of efficient energy storage mate- A theoretical model to predict the phase change behavior of the material with temperature-dependent specific heat can be used to predict the phase change processes in the most common PCM materials.
The amount of thermal energy stored in the form of sensible heat can be calculated by using the heat capacity equation: Since the polymer conductivity is low; CNTs were added to improve heat transfer. Considering multi component the one-dimensional heat transport equation for such a case is as follows:
where ρ is the material density, λ is the thermal conductivity, and h is enthalpy per unit mass.
The enthalpy derivative over the temperature derivative (with consideration of constant Pressure) represents the effective heat capacity (C eff ), with the phase change energy as one of the components: where α denotes the percentage of PCM, C eff is the specific heat of a carrier material without PCM, and C eff is the effective heat capacity of the PCM.
Experimental

Materials
Low molecular weight PE pellets provided by DuPont Elvax ® 265 with a melting point (Tm) around 75˚C and heat fusion of 44 J/g were used. Elvax are modified ethylene vinyl acetate polymers used as adhesive resin for many applications.
They are available in pellet form for use in conventional extrusion and extrusion equipment designed to process polyethylene (PE) resins. This PE resin was chosen because of its low softening points and excellent specific heat values that make it useful to be modified for heat storage applications. As per DuPont Data sheet the Melt flow Index (MFI) is equal to 3 g/10 min at (190˚C/2.16 kg). Nano
Kaolin in powder forms, particle size diameter in the range (110 -140 Nano) was used in different concentration. XRF technique is very common characterization method used to determine kaolin composition and it was applied to identify the mineralogical composition of the kaolin. The chemical composition analysis is presented in Table 1 . Paraffin, with a melting point of 10˚C was provided by Rubitherm Technologies (Germany). Multi walled nanotubes (MWCNTs) with a mean diameter of 9.5 nm produced by Nanocyl SA (Belgium where added at a fixed low concentration 0.25% to enhance thermal percolation of the TES compound. In Table 2 Percentage of LDPE, CTN; Kaolin and Paraffin Wax in each specimen are shown.
Sample Preparation
All Ingredients PE, paraffin, and MWCNTs as listed in Table 3 , were melt compounded in a Brabender Plastograph with sigma-rotating rotors. After various preliminary attempts, all the blends were prepared at constant processing conditions. Temperature (75˚C), rotor speed applied (25 rpm) and a mixing time (5 minutes. Sample were taken in a molten stage and inserted rapidly into a heated two roll mill to produce sheets in 1 mm thickness. The sheets were grinded and on a Pelletizer extruder, pellets were produced. Those pellets were later subjected to multiple extrusions. Table 1 . The area under the curve of melting peaks in the thermograms is proportional to the enthalpy of the prepared compound. The first peak at the temperature range 15˚C to 40˚C in the thermograms is related to the paraffin wax; whereby the melting of the Polyethylene's is seen in the second peak, Journal of Materials Science and Chemical Engineering With increasing kaolin content the melting peak was narrower and the fusion area in general bigger. Because the paraffin was not a pure substance, it's melting and solidification ranges were wider, compared to those of the pure substance.
Experimental Technique
Thermal Properties
Furthermore, adding different ingredient as in Table 2 at varying concentrations alters the endothermic and exothermic curve. The selected ingredients increased the endothermic and exothermic peak and delayed the end of the melting point of the phase change as it's obvious in the thermo grams Figures 1-3 .
To visualize the effects of paraffin concentrations on altering the thermal behavior of the composite, Figure 4 shows the Melting temperature changes versus Paraffin concentration.
Melt Flow Index
Melt flow index is an indirect measure of Molecular Weight (M W ), whereby high melt flow rate corresponding to low M W . In this paper, the melt flow index test was carried out according to ASTM standards D1238 at 190˚C and applied load 2.160 Kg for 10 minutes on a CEAST MFI-machine to investigate the effect of wax, and Kaolin which affects flow behavior of the composite. Further to examine the degradation effect due to cyclic heating cooling of the TES materials.
That way we considered multiple extrusion tests to simulate the degradation mechanism. The melt flow index results are shown in Figure 4 . The change in suitable to be applied to cyclic heating and cooling applications. Figure 5 , multiple extrusion results for sample 14, which contains 25% kaolin and 25% paraffin. Other sample show similar behavior.
FTIR
The photoxidative decomposition due to multiple extrusion of the sample has been investigated by FTIR. FTIR spectrum for sample 14 that was subjected to multiple extrusions; (Cyclic melting and solidification) is presented in Figure 6 . A. Al Irobaidi
Results and Discussion
The possibility to use PCMs in engineering applications is related to their capability to store/release thermal energy in a useful temperature interval. Therefore, the investigation of the thermal properties of the prepared specimens plays a major role in the present investigation. DSC thermograms of the paraffin blend and of the relative Nano composites during the first heating scans are shown in the figures. Figures 1-3 shows the DSC plots of the prepared composite. Table 3 gives the data of the endothermic phase change temperature and heat during heating. For a better overview of the plots, only the heating thermograms are shown, whereby the cooling thermograms were eliminated. Solidification and crystallization peaks are opposite to melting. In Figures 1-3 the melting peak at low temperature range is associated with melting of the paraffin, while the second endothermic signal in the range 60˚C -80˚C is related to the melting of the polyethylene Elvax composite, for pure Elvax (reference sample. the melting point was as 78.5˚C. which is in line with manufacturer data. Adding Kaolin and paraffin change the melting and crystallization temperature.
In all plots, the melting peak of the paraffin stars at low temperature 14˚C and the peak ends at around 30˚C due to the presence of the different concentration of the additive. As expected, the Melting point was influenced by the additives added. It was observed the change in melting temperature as presented in Figure   4 is due to the presence of the paraffin since kaolin does not melt in this range. It is assumed that the penetration of additives in the microstructure changes the melting behavior of pure Polyethylene. The intensity of the peak associated to the melting of the composite is higher than that of the paraffin. Pure paraffin shows a broader and higher melting enthalpy values (Sample no 14 in Figure 3 ), compare to those compounds dedicated to the PCM. A similar trend can be detected in the cooling stage; the crystallization peak of the paraffin is located at 10˚C, while that of Elvax 265 is around 68˚C (not reported for the sake of brevity). Samples contain high dosages of kaolin (25%) increases the heat of fusion almost twice of that pure Elvax 265. It confirms our expectations that kaolin absorbs energy and contributes to increase heat of fusion.
The most important results from the DSC thermograms are summarized in Table 3 .
Cyclic heating and freezing of PCM organic material will cause degradation.
Multiple extrusions are a method associated with the thermal degradation of organic materials. This degradation behavior changes the Molecular weight and Crystallinity (also the associated ∆H). As a result the thermal degradation; melt flow index increased exponential with extrusion passes. This behavior possesses the assumption that organic material; especially Polyethylene materials and compounds of their off are not the best choice for PCM.
Conclusions
The present study is an experimental investigation to enhance thermal transition of prepared Nano composite (PCMs) contains paraffin and Nano kaolin par-Journal of Materials Science and Chemical Engineering ticles with CNT nanoparticles. Different characterization techniques were applied to determine phase change behavior, such as the supercoiling degree, phase change temperature, latent heat, and thermal stability.
Results demonstrate that addition of Nano kaolin particles in combination with thermoplastic Polyethylene (PE) materials increase the absorbed or release energy twice as of the pure Polyethylene. Increase heat of fusion is significant for our work and is in line with our expectations. Enthalpy increase was targeted because it tells us how much heat (energy) is stored or lost in the system. Any work related to develop TES materials has to consider an increase in enthalpy of the developed compound.
The thermal transition of the Nano composite PCMs is significantly enhanced by adding CNN's.
Organic PCMs containing kaolin presented acceptable thermal reliability, chemical stability, and heat transfer characteristics, thereby reflecting its acceptability for low-temperature solar thermal energy storage applications.
